New data on the valine molecule (C 5 H 11 NO 2 ) fragmentation under the low-energy electron-impact are presented. These data are related to the formation of ionized products due to the ionizing radiation influence on the above amino acid molecule. A series of the fragments produced are identified by applying an extensive DFT-theory approach. The results obtained allowed the principal pathways of the valine molecule fragmentation to be found. The absolute appearance energies of some fragments are both measured experimentally and calculated theoretically. The experimental and theoretical data are compared and analysed.
Introduction
Currently, the radiation-implication-study of amino acids is a focus for researchers due to the fundamental importance of these molecules -building blocks of proteins. It is known that low-energy electrons, representing the most predominant species formed during a very short time after the deposition of high energy ionizing quanta into a biological medium, produced by primary ionizing radiation penetrating a biological tissue, can effectively damage the biologically relevant molecules of the human body [1] . The interaction of these electrons with the above molecules can induce mutagenic and genotoxic lesions [2] [3] [4] .
The obtained results on the electron-biomolecule collisions under isolated conditions have one decisive drawback for the interpretation of possible processes in complex macromolecules [5] . In this case, the environmental influence by neighbouring molecules or water that can modify the electron scattering processes is neglected, although it could alter structures, stabilities and function of biological macromolecules [6] . Our approach is to extend the earlier studies on the isolated molecules in the gas phase and to study the fragmentation of the most stable and, consequently, more abundant conformational isomers of the molecules under investigation. Our recent study indicates that conformational isomerism may influence the near-threshold areas of the dissociative ionization cross-sections [7] . Moreover, the presence of intramolecular hydrogen bonds and the differences in the locations of certain atoms in the conformational isomers may lead to the changes in the fragment appearance energies up to 2 eV.
Here we report on the interaction of low-energy (<70 eV) electrons with valine conformational isomers in order to probe the intrinsic properties of this molecule and to trace its change(s) under the electron impact. This work is a continuation of a series of our studies on the ionizing radiation interaction with the molecules of biological relevance. The goal of our studies was to elucidate the major channels of formation of the most stable valine molecule conformers as a result of the lowenergy electron impact.
Valine is an α-amino acid used in the protein biosynthesis. Besides the α-amino and α-carboxylic acid groups, it also contains the side chain isopropyl variable group, classifying it as a non-polar amino acid. It is essential for humans, i.e. the body cannot synthesize it and, thus, it must be obtained from the diet. Human dietary sources are any proteinaceous foods such as meats, dairy products, soy products, beans, and legumes.
Along with leucine and isoleucine, valine is a branched-chain amino acid. In sickle-cell disease, valine substitutes for the hydrophilic amino acid glutamic acid in β-globin. Because valine is hydrophobic, the hemoglobin is prone to abnormal aggregation.
Experiment
The experimental apparatus on the basis of a serial MI1201 magnetic mass spectrometer has been described in detail in our previous papers (see, e.g. [7, 8] ). Here we shall only briefly state that it operated within the m/z = 1-600 a.m.u. range (here m/z is the mass to charge ratio of the ions under study) at high sensitivity (~10 -16 A) and resolution (±0.25 a.m.u.), enabling reliable separation and detection of the fragments of the target molecule [8] [9] [10] . The beam of the valine molecules was formed by means of a resistively heated effusion source with the molecule concentrations of about 10 10 molecule/cm 3 . The operating temperature of the molecular beam source was varied up to 150°C providing conditions excluding the initial molecule thermal degradation and molecular cluster formation. A specially designed three-electrode electron gun provided an electron current of 30-50 µA over a wide (0-150 eV) energy range. This source enabled the energy dependences of the ionization and dissociative ionization cross-sections to be measured in the incident electron energy range from the threshold up to 150 eV without the need of using a magnetic field (contrary to the conventional source). The ions produced in the ion source and extracted by the electric field entered the magnetic ion separator and were detected by means of an electrometer. The data acquisition and processing system was controlled by a PC. Special measures have been applied to stabilize the mass analyzer transmission, and to make the mass of the fragment under study to be reliably fixed. An electron energy scale was calibrated with respect to the known ionization thresholds for the argon atom and nitrogen molecule with the accuracy of ±0.1 eV [7] . The valine molecule mass spectrum was mea sured at the 70 eV electron energy, the appearance energies for the positive fragment ions were determined within the 5-30 eV energy range with the +0.1 eV accuracy.
Theory
The study was performed by the Becke's threeparameter hybrid functional applying the nonlocal correlation provided by Lee, Yang and Parr (B3LYP) [11] , i.e. a representative standard DFT method with the cc-pVTZ basis implemented in the Gaussian and GAMESS packages [12] [13] [14] . The given set was suitable to describe the system under study with computations being performable. We used a contracted basis set taking into account the correlation effects with a (12s6p) primitive basis set contracted under the Raffenetti pathway and optimized at the Hartree-Fock (HF) level because this basis set demonstrated an excellent behaviour for calculating both atoms and molecules. Moreover, this relatively large basis set and electron correlation correction are good enough to study the interactions with hydrogen-bound complexes.
The structures of the five conformers of the neutral valine molecule were optimized without any symmetry constraint. Referring to the results on the total energy and molar distribution at 433 K, the two most stable conformers were chosen for the further investigation. In order to model the fragmentation processes, the fragment anions, cations and fragments with a zero charge were evaluated, i.e. the neutral dissociation, dissociative ionization and bipolar dissociation (ion pair formation) were studied. The spin multiplicity of the closed-shell products of the reactions under investigation was 1, while that of the open shell was 2. The comparison of the experimental measurements and theoretical calculation of the energy of the fragment appearance proved that the chosen spin states were enough to describe the most probable reactions of fragmentation. The ionization potential was calculated as the difference of the energies of the neutral and positively charged conformer.
The appearance energies were calculated as the difference between the total energy of the investigated conformer of the molecule and the sum of the energies of the fragments predicted. The calculated values of the dissociation energy were compared with those of the experimental measurements to select and present more probable reactions of the fragment appearance. The vibration analysis of the compounds under study was performed to estimate the zero point corrections. These corrections were not included due to their insignificancy.
Results and discussion
Valine, like most amino acids, exists in two possible optical isomers called the D-and the L-isomers. The L-amino acids represent the vast majority of them found in proteins. It is the main reason why only the L-optical conformers are under our study. Geometric structures of these conformers are different due to one of the following reasons:
-the carboxylic acid group rotates, and the acid hydrogen may be oriented towards amino nitrogen or away from it; -the methyl groups rotate, and the methyl hydrogen may be oriented towards the carboxylic acid. In Ref. [15] , the calculations of the global energy minimum for the gas phase valine were analysed briefly. It was shown that different calculation methods do not provide an unambiguous determination of the lowest-energy valine conformer. However, the two distinct structures corresponding to the global energy minima with the hydrogen bonding accounted correspond to the bifurcated NH 2 •••O=C and the N•••H-O hydrogen-bonded valine molecules. In addition, the authors of the above paper underlined that the rotation of the isopropyl side chain around the α-C axes led to a number of rotamers for each of these conformers, all of which were close to the global energy minimum.
Our calculations show that the structural difference insignificantly affects the stability of the conformers (further referred to as Valine 1, Valine 2, Valine 3 and Valine 4), i.e. their total energies are not very different. Only the total energy of Valine 3 is 0.080 eV higher than that of other conformers, while in other cases the total energy differences are lower than the energy of the thermal movement.
However, the molar abundance at T = 433 K that corresponds to the experimental temperature is notably different (see Table 1 ). Valine 1 and Valine 4 represent the vast majority of the conformers under investigation. Hence, here we present the results of the studies on the fragmentation of these two most abundant conformers, although additional data on the fragmentation of the rest of conformers could be provided as well.
The images of the two main valine conformers and the atom numbers, used in this paper, are presented in Fig. 1 . We call the conformers Valine 1 (on the left) and Valine 4 (on the right). Note that the geometric structure of Valine 4 corresponds to the structure of the most stable valine conformer described in [14] , while the conformer such as Valine 1 was not investigated in that paper. On the other hand, the study by Stepanian et al. [16] indicates the conformers selected for the investigation as most stable. The calculated total energies and the ionization energies (IE) for the valine conformers are presented in Table 1 . The measured differences in the ionization energies caused by the structural features of the molecule under study were obtained. It is well known that strong intramolecular H-bonds lead to higher IEs, and that is confirmed fairly well by our results, i.e. the IE of the Valine 1 conformer, where a hydrogen bond takes place, is larger than that of Valine 4. However, the total energy of the ionized Valine 1 conformer is lower than that of Valine 4 and indicates a lower thermal stability of this conformer.
The α-valine ionization was experimentally investigated in the photoionization studies of the parent ion yield curve showing a weak onset beginning at 8.9 eV and a large increase in the intensity beginning at 10.5 eV [17] . This paper also presents similar data by Klasinc [18] , who gives the vertical IE(vert) = 9.68 eV and adiabatic IE(ad) = 8.71 eV ionization energy values. The last value is quoted in the NIST database [19] .
Unfortunately, we failed to measure the IE of the initial valine molecule in our experiment due to a vanishingly small intensity of the parent ion peak in the mass spectrum, but the calculated IE value for Valine 1 coincides well with the above experimental results. Figure 2 shows the mass spectrum of the valine molecule measured by us at the 70 eV ionizing energy. The mass spectrum illustrates a general pattern of the positive fragment ions yield. There are no significant differences between the spectrum measured by us and those quoted in the NIST database for D-and DL-valine [19] . However, we obtained more pronounced ion production pattern at 27-30 а.m.u. Moreover, as mentioned above, there is no peak corresponding to the parent molecular ion yield, and this is related to a low stability of the ion produced during the ionization. This is typical for mass spectra of the alyphatic amino acids.
We have also measured the threshold energy dependences of the main fragment ion yields due to the electron impact on the valine molecule. The appearance energies (AE) for the main fragments produced due to electron impact on the valine molecule are the following: 12.4 eV for C 3 H 5 N + + C 4 H 7 + ; 12.0 eV for C 4 H 9 + + C 3 H 7 N + ; 9.5 eV for C 4 H 10 N + ; 10.1 eV for C 2 H 4 NO 2 + . The mea sured values are lower than those calculated theoretically. The experimental appearance energies were determined by means of the fitting technique suggested by T. Maerk's group (see details in, e.g. Ref. [20] ) and used in most of our previous studies. This technique is based on the least-squares method approximation using the Marquardt-Levenberg algorithm.
Obviously, the dissociation channel of the C 5 H 11 NO 2 molecule under the electron impact, common with most of α-amino acids, is due to the С-С α bond break resulting in the formation of the m/z = 72 а.m.u. fragment, i.e. the most probable valine molecule dissociation process is due to the carboxyl group detachment.
The second (by its intensity) dissociation ionization channel relates to the production of the ions with the m/z = 28 а.m.u. mass. Several isobaric ions may correspond to this mass (i.e. CO, CNH 2 , C 2 H 4 ), and their atomic composition determination requires an ultra high-resolution mass spectrometric technique. Besides the two main groups of the fragment ions in the vicinity of m/z = 28 and 72 а.m.u., the ions with the mass of m/z = 39-46 а.m.u. and m/z = 55-57 а.m.u. have noticeable intensities.
Let us recall that, in general, the incident free electron ionizes the target molecule to form a transitory ion. The parent precursor ion, having the internal energies below the dissociation energy, remains stable, whereas fragmentation may occur [10] . The ionization tends to cause the weakening of the bonding within the ion as compared to the neutral precursor. A weaker bonding means longer bond lengths in the average, and this goes with a higher tendency towards the bond dissociation. To estimate the changes in the valine molecule as a result of ionization, we calculated both the bond lengths and bond orders of the neutral and ionized valine conformers at their equilibrium point. Having taken into consideration the above facts and implemented the Mullikan population analysis data [21] , the weakest bonds in the conformers of the molecule were determined. The calculated bond lengths and bond orders of both the neutral and ionized conformers of the valine molecule are listed in Tables 2 and 3 .
According to the obtained results for the neutral and ionized conformers, the skeleton bonds C1-C3 and C1-C2 become weaker, while the C1-N7, C2-C10 and both C-O bonds become stronger due to the ionization. It should be noted that the mutual locations of atoms in the conformational valine isomers strongly affect the bond length of the skeleton and the variation order. It may change noticeably the priority of the dissociation direction. For instance, in the case of the С1-С2 and С1-С3 bonds, which are weakened due to the ionization, the weakest bond for Valine 1 is С1-С3, while that for Valine 4 is С1-С2. Additionally, in both cases under study, the C-N bond becomes stronger resulting in the production of the fragments with the 27-30 a.m.u. masses occurring due to the simultaneous С1-С2 and С1-С3 bond dissociation and hydrogen atom migration. The variation of bond lengths and orders of the ionized conformers indicates a high probability of the C1-C3 bond dissociation of the molecular valine ion. Hence, it is not surprising that the most abundant ion in our experimental spectra is C 4 H 10 N + having the m/z = 72 a.m.u. mass. This fragment could be formed due to the С-C α (C1-C3) bond cleavage (see Table 4 ).
The appearance energy for the fragment indicates that the dominant fragmentation pathway of the ionized valine molecule is associated with the loss of the negatively charged COOH that resulted in the 72 а.m.u. cation production. The min- [15] , where the third resonant peak for COOH − corresponds to 7.9 eV at the dissociative electron attachment. However, above the ionization threshold, the neutral COOH fragment formation is more probable (as in the case of the majority of amino acids) via the following pathway: 
It is interesting to note that the threshold for the [M-COOH] − formation calculated in [22] is close to 4.1 eV at the G2MP2 level, which agrees well with the onset observed in both [15] and in our calculations.
The appearance energies for the m/z = 45 and 72 a.m.u. fragments indicate that the complementary COOH + cations could provide only small mass spectrum intensities. The strong preference for the m/z = 72 a.m.u. fragment is ascribed to the ionization followed by the ejection of one electron from the unbound pair of electrons of the nitrogen atom; this process is the same as the one proposed for the ionization of amine molecules [23] .
The experimentally measured AE of the C 4 H 10 N fragment is 9.5 ± 0.1 eV and is close to the calculated value for pathway (1) .
Referring to the results presented in Tables 2 and  3 , the cleavage of the O-H bond is the most probable fragmentation process combined with other fragmentation processes. It could lead to the formation of the differently charged COO and C 4 H 10 N fragments and the H atom. The results obtained prove the fact of formation of the C 4 H 11 N fragment, i.e. H may join the C 4 H 10 N molecule. However, in our mass spectrum, as it is listed in the NIST database, the relative intensity of this ion peak is about 5% what corresponds exactly to the first isotopic peak for the C 4 H 10 N fragment. Hence, the m/z = 73 a.m.u. fragment peak in the mass spectrum at 70 eV could be assigned to the positively charged 13 CC 3 H 11 N + ion. An unambiguous argument to prove this conclusion is the paper of Hu and Bernstein [24] , where the isolated neutral amino acid molecules were ionized by single photons. In this work, the neutral ground state amino acid molecules were exposed to the IR radiation prior to the ionization, and the individual isomers were determined by observing the intensities for different fragments. Thus, in the time-of-flight mass spectra of valine ionized by the 10.5 eV energy photons with and without IR laser radiation (~3000 cm −1 ) [24] , the most prominent peaks correspond to the ions with the m/z = 30, 72, 73 and 84 a.m.u. masses. The authors concluded that, under conditions of their experiment, the amino acid molecule undergoes fragmentation due to the rearrangement reaction following the ionization stage. Such a rearrangement reaction in its simplest form could be a proton transfer and this reaction strongly depends on the internal hydrogen bonding, i.e. on the molecule conformation. Our relevant data on the appearance energy calculations are listed in Table 5 . Low appearance energy values indicate a large possibility of the C 4 H 11 N + production in the process of the ion pair formation in the case of the neutral CO 2 fragment yield. So, we can conclude that the C 4 H 11 N + ion formation is energetically not probable at low energies due to the rearrangement processes.
The cleavage of another weak C1-C2 bond in the valine molecule results in the formation of two complementary fragments, i.e. C 2 H 4 NO 2 with the m/z = 74 a.m.u. and C 3 H 7 with m/z = 43 a.m.u. masses. The peak intensity of the first fragment obtained by different authors is nearly five times higher than that of the second one. In our spectrum, this ratio is about 4, so such an ion intensity distribution after the bond cleavage shows the preferable charge localization on the N-containing fragment. The results of our calculations of the appearance energies for the C 3 H 7 and C 2 H 4 NO 2 fragments are listed in Table 6 , while the AE value measured by us for the C 2 H 4 NO 2 fragment is 10.1 ± 0.1 eV. The analysis of the appearance energies proves the fact that the intensities of the peaks (or the abundance of their complementary fragments) is the isomer-conformation dependent. The difference between the appearance energies for the two conformers in a particular process is about 0.5 eV. This difference can be due to a feasible intramolecular hydrogen bonding between O5 and H14 in the case of Valine 1. When speaking about the appearance energy of the complementary fragments, the formation of the C 2 H 4 NO 2 fragment is energetically more preferable regardless of its charge. Another intense peak in the valine mass spectrum corresponds to the m/z = 55 a.m.u. ion. There may be three isobaric ions with this mass: C 3 H 5 N, C 3 H 3 O and C 4 H 7 . The process of C 3 H 3 O formation requires five skeleton bonds to be broken but this seems to be impossible. More probable is the formation of the C 3 H 5 N + and the C 4 H 7 + ions. For C 3 H 5 N + , three possible structures with the minimal total energy were calculated (see Table 7 ). All these ions are produced during the following process: Here n = 1, 2 and '0/-' indicates that the fragment is neutral (0) or negatively charged (-). The last two structures have comparable total energies and our calculation of their appearance energies shows close values as well. The difference in the energies for similar conformers does not exceed 0.3 eV (see Table 8 ). The C 4 H 7 + fragment could be produced when one of the hydrogen atoms joins the amino group as follows: Here n = 1, 2 and '0/-' indicates that the fragment is neutral (0) or negatively charged (-). The analysis of the calculated appearance energy values (see Table 9 ) shows that the formation of the positively charged m/z = 55 a.m.u. fragment together with the negatively charged (CHO 2 + NH 3 ) compound is less energy-consuming. It should be noted that NH 3 is formed and both conformers have almost equal appearance energy values in every charge distribution case, so the C 4 H 7 fragment formation does not depend on the conformation of the valine molecule. The analysis of the Mulliken charge indicates the negative charge location on CHO 2 . Moreover, the comparison of the binding energy per atom of variously charged CHO 2 and NH 3 compounds indicates that the thermal stability of the neutral NH 3 (closed-shell system) is higher than that of the ionized one, but is smaller than that of the negatively charged COOH fragment (closedshell system as well). The above data allowed us to predict the formation of the CHO 2 -fragment and the neutral NH 3 fragment when C 4 H 7 + is produced. The value of the m/z = 55 a.m.u. ion appearance energy measured by us is 12.4 ± 0.1 eV. It is close to the calculated result in the case of the neutral CHO 2 + NH 3 fragment formation and it almost coincides with the experimental results and the G3MP2 calculations provided in [25] .
The peak at m/z = 56 a.m.u. has also a noticeable intensity. The fragment could be formed similarly as the m/z = 55 a.m.u. one with no H12 loss. Referring to the results presented in Table 10 , in the case of Valine 1 both fragmentation processes are possible: From the chemical point of view, the second pathway with a zero charge is preferable. In Table 10, the appearance energies for the above products are presented; while in the case of Valine 4 the fragmentation according to scheme (5) is more favourable. It could occur due to the structural differences of the conformers. Only in the case of Valine 1 the placement of the product of fragmentation is favourable due to the H atom removal from the COOH group to form ammonia. Hence, the structural difference effect on the fragmentation process is evident.
The peak corresponding to the m/z = 57 a.m.u. fragment has its intensity comparable to that of the m/z = 55 a.m.u. one. Probably this peak indicates the presence of the C 4 H 9 , C 2 HO 2 , C 2 H 3 NO or C 3 H 7 N positively charged ions. The formation of C 2 HO 2 + was assumed in [26] , where other products of the process were the neutral NH 3 and (CH 3 ) 2 CH* radicals, so the authors supposed the dissociation of the C1-N7 and C1-C2 skeleton bonds. This ion can exist in the case of a rearrangement of the HO-C*=C=O structure, which seems to be a very unfeasible event under the conditions of our experiment.
Another composition of the ion with m/z = 57 a.m.u. is C 2 H 3 NO, formed after the detachment of (CH 3 ) 2 CH and the water molecule, made of H from the amino group and OH from the acetic one. This mechanism of the C 2 H 3 NO + ion formation was proposed by Junk and Svec [23] and Jochims et al. [17] , and confirmed by Papp et al. [15, 25] when two possible cases of the residual fragment structure were studied.
We would like to emphasize that the formation of NHCHCOH with the minimal number of possible reactions could occur due to the cleavage of the C1-C2, C-OH and N-H bonds after the H8 atom migration to O5. Meanwhile, to form the C 4 H 9 positively charged ion, the C1-C3 and C1-N4 bonds should be cleaved and the H atom, due to the deprotonation of COOH, may join the C 4 H 8 fragment. The C1-C2 and O-H bonds become weaker due to the tendency of the ionization process of valine to be destructed; the C1-N4 bond is weaker than the C3=O5 one (see Tables 1and 2) . On the other hand, the residual isobaric ion with the m/z = 57 a.m.u. mass, i.e. C 3 H 7 N + , is formed due to the cleavage of the C1-C3 and C2-C10 bonds only. This allows us to predict that formation of NHCHCOH could require a larger energy amount than that of C 4 H 9 or C 3 H 7 N.
The thermal stability of the C 3 H 7 N positively charged fragments (with the binding energy per atom of 3.79 eV) and C 4 H 9 , (with the binding energy per atom of 3.61 eV) is not quite different. The appearance energy of these two fragments is also not significantly different, although it depends on the isomer conformation (see Tables 11, 12 ). It should be noted that the process of the C 3 H 7 N ion formation with the neutral counterpart production (see pathway (6) The data of Tables 11 and 12 unambiguously show the effect of conformational differences on the fragmentation process. The trans-or the cis-position of the hydroxyl group hydrogen with respect to the amino group and intramolecular hydrogen bonding can lead to the difference of about 1 eV in the appearance energy for the m/z = 57 a.m.u. ion.
We also calculated the appearance energy for two possible structures of the C 2 H 3 NO + ion reported in [17, 15, 24, 25] as the main composition for the m/z = 57 a.m.u. ion. The total energies of both structures are presented in Table 13 . The minimal appearance energy for the first structure is 12.41 eV, while those for the second one are 9.54 eV for Valine 1 and 10.02 eV for Valine 4 (all results are for the neutral counterparts). So, compared to the measured by us threshold for the m/z = 57 a.m.u. ion of 12.0 eV, we assume that at this energy all the C 4 H 9 , C 2 H 3 NO, and C 3 H 7 N ions can exist. + fragment is larger than that of the C 2 H 4 + one, indicated by the binding energy per atom. The comparison of the appearance energies for these two fragments proves the formation of CH 3 N + as energetically more favourable. It allows us to conclude that the positively charged m/z = 28 a.m.u. fragment is HCNH. The assignment of the intense peak at m/z = 28 a.m.u. to HCNH was also confirmed by observing the m/z = 29 a.m.u. mass peak in the α-valine-d3 (ND 2 (CH 3 ) 2 (CH) 2 COOD) by Jochims et al. [17] . We unambiguously calculated the minimal energy required to produce the m/z = 28 a.m.u. ion with the CH 2 N chemical composition. Referring to the results presented in Table 14 , the minimal energy consumption for this fragment appearance corresponds to the ion pair formation. However, the appearance energy for the m/z = 28 a.m.u. fragment obtained experimentally by Papp et The fragment with m/z = 29 a.m.u. could be produced in a simpler way, i.e. due to the cleavage of the C1-C3 and C1-C2 bonds without the NH 2 deprotonation (see Table 15 In the mass spectrum, the peak of the m/z = 28 a.m.u. ion is larger than that of m/z = 29 a.m.u., despite the fact that the latter ion needs less bonds to be broken and in the case of neutral counterpart production the energy consumption is less as well. However, the binding energy per atom for CH 2 N + is equal to 2.77 eV and is larger than that of 2.48 eV for CH 3 N + . Hence, the thermal stability of the CH 2 N cation is larger than that of CH 3 N. Moreover, the HOMO-LUMO gap analysis of these two fragments indicates that the CH 2 N ion is chemically more stable than the CH 3 N + one. It allows us to predict that some CH 2 N positively charged fragments could be produced by the CH 3 N + deprotonation and the secondary fragmentation process as well.
The fragment with m/z = 27 a.m.u. can have two chemical compositions. They could be CHN or C 2 H 3 and the binding energy per atom for them is 1.62 and 2.54 eV, respectively. Hence, the thermal stability of C 2 H 3 is larger than that of CHN. The calculated fragment appearance energy is smaller than that for CHN (Tables 16, 17) , thus leading to the conclusion that at the threshold electron energy the m/z = 27 a.m.u. fragment is C 2 H 3 . This ion can have two structures, i.e. CH-CH 2 + with the total energy of -77.616 a.u. and C-CH 3 + with that of -77.540 a.u. We have calculated three possible ways of the C 2 H 3 fragment formation: with different final products and for the cases when it consists of the C1-C2 and C2-C10 (11) carbon atoms (see pathways 9-11): The results of our calculations for the neutral counterparts are presented in Table 16 . One can see that only in the case of COOH + NH as the other products are also formed, a marked difference in the appearance energy for the valine molecule conformers is present. So, the H-atom transition from the COOH-group to C2 is practically not dependent on the conformer structure, but in the case of H originating from NH 2 the difference in the energies is approximately equal to the hydrogen binding energy. This can give evidence of the presence of the H8•••O4 hydrogen bond in Valine 4.
The HCN fragment formation is more energyconsuming (see Table 17 ) as compared to that for C 2 H 3 , so the C 2 H 3 ion with the m/z = 27 a.m.u. is more likely to appear at the threshold energy. It should be noted that the m/z = 27 a.m.u. ion was considered as C 2 H 3 by Denifl et al. [22] and Jochims et al.
[177] as well.
Conclusions
The analysis of the valine molecule mass spectrum together with the theoretical calculations was performed. The results obtained allowed us to determine the main dissociation mechanisms of the conformers of this molecule under a low-energy electron impact. The appearance energies for the most pronounced ion peaks in the valine molecule mass spectrum were measured experimentally and estimated theoretically. Despite the fact that there are no significant differences between our measured spectrum and those quoted in the NIST database, we obtained a more pronounced ion product pattern at 27-30 a.m.u. Our experimental mass spectrum also indicates the low stability of the parent molecular ion.
The dominant fragmentation pathway of the ionized valine molecule is related to the С-C α bond cleavage with a loss of a neutral COOH fragment, as in the case with most of α-amino acids and the C 4 H 10 N + ion production. The calculated appearance energies for this pathway showed almost a full absence of the structural influence on this process.
As for some other fragments, the difference between their appearance energies from the two conformers of valine indicates a significant influence of a feasible intermolecular hydrogen bonding. The trans-or the cis-position of the hydroxyl group hydrogen with respect to the amino group and intramolecular hydrogen bonding can lead to the difference in the appearance energy of about 1 eV or more (for m/z = 57 a.m.u. ion and, especially, for CHN + ). The formation of ammonia is also probable in the case of the conformer where a hydrogen bond is present. However, the formation of some fragments (for example, C 4 H 7 ) is independent of the valine molecule conformation. The results obtained lead to the prediction that the influence of the hydrogen bond, i.e. the structural differences, could be significant in the case of the formation of some fragments.
It is interesting that the H atom transition from the COOH group is independent of the conformer structure, but in the case of H origination from the NH 2 group, the difference in the appearance energies has the order of magnitude approximately equal to the hydrogen bond energy.
Additionally, different structural and chemical compositions of the isobaric fragments of valine formed under electron impact were determined and analysed.
